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INTRODUCTION
Earthquake records can be encoded as images to classify their 
resulting damage states to structures based on convolutional 
neural networks (CNNs). Different encoding techniques such as 
Recurrence Plot (RP) and Wavelet Transform (WT) can be used 
to transfer earthquake records to images. Presently, no 
consensus has been reached on the understanding of the most 
suitable encoding technique for CNN-based seismic damage 
classification. In this study, we develop a new encoding 
technique based on Time-series Segmentation (TS) and 
compare it to state-of-the-art RP and WT techniques. These 
techniques are mainly compared based on their classification 
accuracy and computation efficiency.













WT 1000x100 (2.4 MB)
TS 100x100 (0.24 MB)
METHODS
Figure 1. CNN-based seismic damage classification of earthquake records
RESULTS
A four-story benchmark r/c frame structure is used as the case- 
study structure. The classification accuracy of test earthquake 
records by different evaluation models is shown in Figure 2.
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Figure 2. Accuracy comparison of different damage evaluation models
The computation efficiency comparison of the RP, WT and TS 
image encoding techniques for CNN-based damage classification 
is shown in Table 2.













for 3201 AVD  
images
94 s 41 s 428  s 21 s 7 s
Training time 
for 2250  AVD  
images
225 s 31 s 600  s 30 s 33 s
Validation time 
for 951 AVD  
images
3.94 s 0.33 s 10 s 0.35 s 0.34 s
Average  
validation time 
for each AVD  
image
4.14 ms 0.35  ms 10 ms 0.37 ms 0.36 ms
Validation
accuracy
79.5% 71 .7% 75.8% 71.6% 76.8%
CONCLUSIONS
While the classification accuracy of the CNN trained with 2250 
ground motion images slightly decreases from 79.5% when 
using the WT 1000x100 image encoding technique to 76.8% 
when using the TS 100x100 encoding technique, the validation 
time for 951 AVD images is reduced by 11. 6 time from 3.94 s
CONCLUSIONS (cont.)
to 0.34 s. Both classification accuracies are comparable to 
79.4% from the IM-based LR model.
For small-scale training with limited structures or ground motion 
records, we recommend WT 1000x100 for better accuracy. For 
large-scale training, we recommend TS 100x100 for higher 
efficiency while maintaining the same order of accuracy. With an 
increasing AVD image size, it costs more time to encode the 
ground motion and train the corresponding CNN model with 
more learnable parameters. Overall, the CNN-based seismic 
damage prediction of each AVD image only costs less than 5 
milliseconds. Once the CNN models of target structures are well 
trained, they can be saved to run near-real-time damage 
evaluation for future earthquake events.
The objective to explore suitable image encoding techniques 
and corresponding image sizes for CNN-based seismic damage 
evaluation based on a specific code-conforming benchmark 
building is achieved in this study. However, more research must 
be conducted to understand the effect of different types of 
structures (e.g., bridges) on CNN training and validation, and in 
particular the influences of material, geometry, and structural 
capacity uncertainties on the CNN classification accuracy. Even 
so, the three-channel WT-based AVD images with a size of 1000 
(width) x 100 (height) and TS 100x100 show great potential for 
CNN-based seismic damage evaluation.
REFERENCE
Mangalathu, S. and Jeon, J.-S. (2020) ‘Ground Motion- 
Dependent Rapid Damage Assessment of Structures Based on 
Wavelet Transform and Image Analysis Techniques’, Journal of 
Structural Engineering. doi: 10.1061/(asce)st.1943- 
541x.0002793.
Debayle, J., Hatami, N. and Gavet, Y. (2018) ‘Classification of 
time-series images using deep convolutional neural networks’, 
doi: 10.1117/12.2309486.
ACKNOWLEDGEMENTS
Financial support to complete this study was partially provided in 
part by the U.S. Department of Transportation, Office of 
Assistant Secretary for Research and Technology under the 
auspices of Mid-America Transportation Center at the University 
of Nebraska, Lincoln (grant no. 00059709).
